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Abstract 
The Cooperative Research Centre for Greenhouse Gas Technologies (CO2CRC) was setup with distinct 
programs focusing on storage, capture, demonstration, education and international collaboration designed to address 
the many issues facing potential carbon capture and storage (CCS) projects.  In particular the Capture Program aims 
to research, develop and deploy technologies that can achieve significant cuts in capture cost (75-80%) and provide 
Australia with a research and education capability to support industries using these technologies. This paper 
provides details on the capture research activities within the centre, the major demonstration projects underway, 
including outlines of the equipment employed and how they are enabling the progression of separation technologies 
from laboratory through to eventual large scale commercial operation.  
 
Aided by recent initiatives of the Victorian State Government, under their Energy Technology Innovation Strategy 
(ETIS) program, CO2CRC is leading the research in two such research and development projects. These three year 
projects, one a $6 million post combustion demonstration incorporating a 10,000 tpa CO2 capture plant, and the 
other a $5.5 million pre-combustion application, each designed to test the CO2CRC’s full range of capture 
technologies (solvents, membranes and adsorption systems), in purpose built rigs under actual power plant 
conditions. The ability to demonstrate both conventional and novel capture techniques in the one facility is, we 
believe, unique.  
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1. Introduction 
The Cooperative Research Centre for Greenhouse Gas Technologies (CO2CRC) was founded in 2003 on a 
carefully constructed framework endorsed by the Australian Government bringing together industry and researchers 
with a view to finding a realistic solutions to issues facing potential carbon capture and storage (CCS) projects. 
Since then it has adopted and developed distinct programs focussing on storage, capture, demonstration, education 
and international collaboration. The importance of international collaboration was emphasized to ensure avoidance 
of wasteful duplication in the research program.  This was equally true of local research institutions , namely The 
Cooperative Research Centre for Coal in Sustainable Development (CCSD), the Centre for Low Emission 
Technology (cLET) and the Commonwealth Scientific and Industrial Research Organisation (CSIRO) and leading 
universities in Australia. Details of the CO2CRC’s program were given at GHGT-8 [1].  CO2CRC has successfully 
progressed from basic research to demonstration phase for both storage and capture research. In this paper, we will 
focus on capture side of our research. . The capture program can be broadly categorized in the following three 
phases: 
Evaluation Opportunities / 
Designs for Commercial Scale 
Application 
Demonstration: 
testing / defining 
capture issues in 
power plants 
Base
Research
2. Base Research 
The capture program was structured as a comprehensive suite of projects addressing the capture and separation 
stages of CCS that can achieve significant cuts in capture cost (75-80%) and provide Australia with a research and 
education capability to support industries using these technologies. Research was directed into the following capture 
technologies keeping in mind of their applicability for a range of applications (post-combustion, pre-combustion, 
NG separation, oxyfuel) and fuels (brown coal, black coal, NG and renewables) 
1. Solvent absorption 
2. Adsorption 
3. Membranes (membrane gas separation and membrane absorption) 
4. Cryogenics and hydrates 
5. Others  eg: chemical looping, 
Solvent separation systems remain the benchmark against which other capture technologies are assessed.  Several 
research projects in solvents in the University of Melbourne and have already developed IP concerning novel 
separation processes, materials and equipment.  
The capture of carbon dioxide by membrane gas separation and membrane absorption systems have been identified 
as one potential solution to reduce greenhouse gas emissions. Further work is underway to improve permeability and 
selectivity to suite to capture process using real flue gas. CO2CRC has developed IP in new membrane materials. 
Recent developments in membranes both dense and porous now suggest that traditional columns used in solvent 
technology may well be replaced with cheaper and more efficient membrane process. Recently commenced research 
has been directed to this direction to provide an alternative to columns using membrane based system for desorption 
of CO2 from carbonate based solvent. Membrane research in the CO2CRC is carried out at three different 
universities of Australia (The University of Melbourne, University of New South Wales, and University of 
Queensland). 
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Monash University in Melbourne is engaged in adsorption research to develop and test novel adsorption 
cycles/processes and adsorbents for CO2 capture. It aims to determine the impact of process parameters (cycle time, 
cycle configuration, temperature) on the CO2 capture efficiency and use lab/pilot scale data to validate simulation 
tools results. Large scale adsorption based processes are limited by current gas-solid contacting methods i.e. packed 
beds.  A variety of alternate vessel design, adsorbent design etc can be employed to reduce the power consumption 
and increase throughput. Innovative gas-solid contacting devices for large scale application of adsorption is the 
focus of our current research. Results showed that vacuum swing adsorption system remains a low cost candidate for 
post-combustion application while pressure swing adsorption may be suitable for pre-combustion application.  
CO2CRC has recently established a facility at Curtin University in Australia to study the potential cryogenic and 
hydrate systems to CO2 capture applications other than natural gas production i.e. Pre-Combustion and Oxy-Fuels. It 
includes examining key parameters of the design both in the laboratory and in a pilot plant environment that affect 
performance and cost of this technology. 
At the University of New South Wales (UNSW)  CO2CRC continues to develop and use a comprehensive economic 
model to estimate the costs of CCS.  The capture component of research at UNSW aims to develop, design and cost 
modules to describe key components of the major CO2 and mixed gas capture technologies. 
3. Demonstration Projects 
Research progress enabled CO2CRC to step up to the demonstration phase for three of these technologies, 
solvents, membranes and adsorbents . Demonstration, involves pilot plants for testing/defining capture issues in 
power plants using these technologies. Most of Australia’s electricity generation comes through burning fossil fuels 
(mainly brown coal in Victoria and black coal in the rest of Australia), accounting for the majority of stationary CO2
emissions.  
In Australia, the state of Victoria uses 65 millions tonnes/yr of brown coal for energy and it has a reserve of 33 
billion tonnes, representing reserves for up to 500 years at current usage rates. However, significant environmental 
challenge to this very low-cost brown coal resources lies in the fact that it is wet (~60% water) and hence accounts 
for 22 percent of Australia's GHG emissions.  In order to reduce greenhouse gases and for Australia to continue its 
ongoing use of low cost fossil fuels, it will be necessary to employ CCS, either solely or in balance with other 
available measures. Consequently, the state of Victoria has initiated a fund under Energy Technology Innovation 
Strategy (ETIS) [2], in order to 
x support in a coordinated approach the progression of low emission technologies by R&D; demonstration 
through product proof-of-concept and enabling demonstration to prove 'bankability' of the technology for 
commercial implementation  
x promote leading-edge technology capacity in Victoria to benefit the economy and the environment 
CO2CRC won support for two projects supported by the ETIS fund [6]. One of these is in post-combustion and the 
other in pre-combustion carbon capture using actual flue gases from existing power plants. The plan is underway to 
test three technologies (absorption, membrane and adsorption) in each project. The main vision is to resolve key 
issues for all these technologies that will allow them to advance along innovation pathway and supporting core 
research development & path to commercialization as depicted below in figure 1 [3]. At GHGT-8, presentations 
were made on the findings from research since the start of the capture program.  This initial capability building 
phase has transitioned to include site based pilot and demonstration facilities that are fundamental to progress the 
technology along the pathway to lower cost full scale capture plant. 
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Figure 1:  Research Contribution to Commercialisation 
This paper provides details on the major capture demonstration projects which are underway and how they are 
enabling the progression of separation technologies from laboratory through to eventual large scale commercial 
operation.  
3.1. CO2CRC H3 Capture Project 
The CO2CRC H3 Capture Project, is demonstrating post combustion capture at International Power’s Hazelwood 
power plant.  Details of this project will be presented in GHGT-9 [4], [5],  All the pilot plants (solvent, membrane 
and adsorption technologies) are in the construction phase to be commissioned in December this year. The leading 
activity relates to testing of these carbon capture technologies on operating power generation plant as shown in 
Figure 2 below. In addition to testing the capture technologies the project represents major opportunity for 
international engagement, training of existing staff and researchers and new research findings and material. Practical 
application will follow the success of the test facilities. . 
The captured CO2 will be consumed by the power plant in their carbonation unit to maintain a required pH level in 
ash water. This will show achieving complete sequestration of carbon dioxide instead of venting to atmosphere as 
done in R&D facilities. 
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Figure 2:  Post-combustion Demonstration Plants at Hazelwood  
3.2. CO2CRC Mulgrave Capture Project 
The CO2CRC is trialing pre-combustion capture using real flue gas from a 0.75 MW size gasifier plant at Victoria 
in the CO2CRC Mulgrave capture project . 
The objectives are: 
a to reduce the technical risk and cost of pre-combustion capture projects for Victorian coal-fired stations with 
new coal burning technologies (IGCC, IDGCC) 
b to screen at the laboratory level, and test in pilot rigs existing commercial and R&D separation techniques as a 
baseline (amine solvent, hot carbonate), and select at least one capture technique that promises to reduce the 
cost of capture long term for IDGCC syngas 
c to map the operating windows of other capture options (particularly membrane and adsorption) for pre 
combustion CO2 capture from brown coal syngas to identify the most cost-effective for application to 
IDGCC/IGCC power-generation technology 
Solvent (10,000 tpa) 
courtesy of The 
Process Group
Membranes
Flue Gas from 
Hazelwood
Power Plant 
Adsorbent courtesy: 
Monash University 
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Figure 3: Pre-combustion demonstration plants 
Figure 3 indicates that the purpose built rigs will be linked to the gasifier to achieve these research objectives.  
Similar to those in post-combustion, these plants are also in construction phase to be commissioned in December 
this year. All the tasks are progressing to plan to obtain process design data, test performance, and practical 
operating experience. Work is underway to analyse heat integration opportunities for this process. 
Technical and economic assessment of a commercial scale capture plant for new Victorian brown coal power 
stations is the eventual outcome. 
4. Conclusion 
CO2CRC is engaged with a range of capture technologies examining their applications, selecting and developing 
those technologies most likely to allow significant reductions CO2 and developing them. The two demonstration 
projects (post-combustion and pre-combustion) partly funded by Victorian Government under ETIS are underway. 
The Post-Combustion pilot plant will help to identify the most effective commercial technology for a retrofit or a 
new capture plant. The Pre-Combustion pilot plant will help to identify the most cost effective technology, leading 
to its possible use on a future Latrobe Valley gasification facility.  Competitive process configurations have been 
identified for all our technologies and these are being developed.  If successful these demonstration plants along 
with CO2CRC Otway storage demonstration plant will provide a state-of-the-art carbon capture and storage research 
hub. 
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